L-Asparaginase is now known to be a potent antineoplastic agent in animals and has given complete remission in some human leukemias. Extensive clinical trials of this enzyme, however, were not possible in the past because of inadequate production of this substance. We have developed practical procedures for producing L-asparaginase in yields of sufficient quantity and purity for more extensive clinical evaluation. The nutritional requirements for optimal production of biologically active L-asparaginase by a strain of Escherichia coli have been ascertained. The highest yields of enzyme were obtained when cells were grown aerobically in a corn steep medium. Good enzyme production was associated with media containing L-glutamic acid, L-methionine, and lactic acid. The addition of glucose to the medium, however, resulted in depressed production of L-asparaginase. Sodium ion appeared to suppress L-asparaginase production. With the procedure described for isolation of biologically active L-asparaginase from E. coli, stable L-asparaginase preparations with a specific activity of 620 IU per mg of protein (1,240-fold purification with 40% total recovery) were obtained.
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In 1953, Kidd (6) observed that certain transplanted lymphomas of mice and rats were strongly suppressed by treatment with guinea pig serum. Broome later presented evidence that the antitumor principle of guinea pig serum is the enzyme L-asparaginase (L-asparagine amidohydrolase) (1) . The finding by Mashbum and Wriston (7) that L-asparaginase derived from Escherichia coli has antitumor activity similar to that of guinea pig serum opened up the possibility of large scale production of the enzyme for ultimate clinical trial. Subsequently, Roberts et al. (8) and Campbell et al. (3) demonstrated that E. coli B Lasparaginase exists in two forms, one active and the other inactive against animal tumors. The two enzymes differ markedly in the pH-activity profiles, their solubility, and chromatographic behavior. E. coli K-12 was also shown to produce a biologically active and inactive form of Lasparaginase (10). The active form, which is produced only under anaerobic conditions and is located near the cell surface, differs from the inactive form in its affinity for substrate, its solubility in ammonium sulfate solutions, and its sensitivity to thermal inactivation (4, 10) .
Increasing availability of larger quantities of sufficiently purified L-asparaginase has made possible limited trials of therapy in larger animals Growth and harvesting oforganisms. All cultures for whole cell enzyme assays were grown in 20 ml of medium in 125-ml Erlenmeyer flasks. Each flask was inoculated with 0.1 or 0.2 ml of an appropriate broth culture in exponential or stationary growth phase and was usually incubated for 12 to 16 hr at 37 C in a water bath shaker. The cells were harvested by centrifugation at 5 C, washed once with 20 ml of deionized water, centrifuged, and resuspended in 20 ml of deionized water. To achieve anaerobic conditions for cultivation, after inoculation and prior to incubation, air was repeatedly evacuated from side-arm Erlenmeyer flasks and was replaced with a nitrogen atmosphere.
Preparation of media. The corn steep medium was prepared by diluting 50 ml of Corn Steepwater (Corn Products Co., New York, N.Y.) to 150 ml with deionized water and adjusting the pH to 7.2 to 7.5 with potassium hydroxide. The heavy precipitate was removed by filtration with paper. The filtrate was heated to boiling and filtered again. The cleared medium was then diluted to 1,000 ml with deionized water and was autoclaved for 15 min at 15 lb of pressure. The dialyzed corn steep medium was prepared by dialyzing 33% Corn Steepwater (pH 7) against 1,000 ml of deionized water in cellulose dialysis tubing at 5 C for 24 hr with constant stirring.
The basal synthetic medium contained, per liter, 6 .5 g of L-glutamic acid, 1.5 g of L-methionine, 6.5 ml of lactic acid, 53 mg of MgC12 -6H20, 4.7 mg of MnCI2 -4H20, 0.3 mg of CaCl2 -2H20, 3.0 mg of ZnCl2, 6 .0 mg of FeCl3 -6H20, 118 mg of K2SO4, 48 mg of KCl, 4.3 mg of CuSO4.5H20, and 0.1 M potassium phosphate, pH 7.
Nutrient Broth (Difco) was hydrolyzed in 6 N HC in a sealed glass ampoule which was autoclaved at 15 lb of pressure for 24 hr. The contents of the ampoule were dried over NaOH in a vacuum desiccator at 37 C to remove HCI and water. The dried hydrolysate was reconstituted in deionized water.
Soy peptone powder, casein, and lactalbumin hydrolysates (Sheffield Chemical, Norwich, N.Y.) and Casitone (Difco) were used as 2% (w/v) solutions. All bacterial culture media were adjusted to pH 7 before sterilization.
L-Asparaginase assay. L-Asparaginase assays were performed on 0.1-ml samples of washed cell suspension or enzyme solution in a total volume of 2.0 ml containing 20 ,Amoles of L-asparagine and 0.1 M tris (hydroxymethyl)aminomethane (Tris)-phosphate buffer, pH 8.0. Incubations were conducted for 15 mi at 37 C. The reaction was stopped by the addition of 0.5 ml of 1.5 M trichloroacetic acid. The precipitated protein was removed by centrifugation, and the liberated ammonia was determined by nesslerization. One international unit (IU) of L-asparaginase is that amount of enzyme which liberates 1 ;umole of ammonia in 1 min at 37 C.
Protein determinations. Protein determinations were made by the biuret method (11) and by spectrophotometric measurements of absorption at 260 and 280 m,u.
Purification (NH4)2SO4 (3) , pH-activity profile (8) , and chromatographic behavior of enzyme extracts on DEAE-cellulose (8) , it was ascertained that more than 90% of the L-asparaginase produced by this organism was the biologically active isozyme. We found that three intraperitoneal injections of 1 IU each of L-asparaginase, administered on days 4, 6, and 8 subsequent to tumor implantation, brought about complete regression of lymphoma 6C3HED in C3H mice.
Schwartz et al. (10) have reported that the biologically active form of L-asparaginase from E. coli K-12 is produced only under anaerobic conditions. Culture of the E. coli HAP organism anaerobically, however, resulted in poor cell growth and depressed asparaginase production ( Table 1) .
Effect of growth medium on L-asparaginase production by E. coli HAP. The results summarized in Table 2 indicate that maximal Lasparaginase production occurred when E. coli HAP was grown in a corn steep medium, although growth of this organism in some of the other media containing free amino acids resulted in relatively high yields of L-asparaginase. Nearly all of the L-asparaginase produced was the biologically active isozyme. Experiments were conducted to identify the constituents in Corn Steepwater needed for good asparaginase production by E. coli HAP. Of the amino acids present in corn steep medium, glutamic acid and methionine were found to be essential for optimal L-asparaginase production (Table 3) . Lactic acid also stimulated enzyme production. When added to the basal synthetic medium, however, a number of growth factors present in Corn Steepwater were found to have no significant stimulatory effect on L-asparaginase production ( Table 3) .
The growth curves for E. coli HAP in corn steep medium and in the basal synthetic medium are presented in Fig. 1 . It appears that enzyme yield per cell was highest in the two media when the cultures were within 50 to 70% of maximal exponential growth. The results summarized in Fig. 2 show the effect of phosphate buffer on cell growth and enzyme production by E. coli HAP. In corn steep medium, cell growth and enzyme production were only slightly affected by the presence of potassium phosphate buffer, pH 7.0, at a concentration of less than 0.1 M. In contrast, /|\:~~~~t he addition of potassium phosphate buffer to the basal synthetic medium greatly enhanced both enzyme production and cell growth. Sodium ion appeared to suppress L-asparaginase production. An experiment showed that substitution of 0.1 M sodium phosphate buffer, pH 7.0, for potassium phosphate in the basal synthetic medium resulted in a substantial drop in L-asparaginase production ( Table 3 ). The addition of glucose to the corn steep medium resulted in lowered enzyme production and cell growth. This effect, which is proportional to the concentration of glucose, was more pronounced in the absence of added phosphate buffer (Fig. 3) .
Purification of E. coli L-asparaginase. The results of purification of L-asparaginase from E. coli HAP are summarized in Table 4 . The procedure described in this report usually yielded an 800-to 1,000-fold purification, with a recovery of 40 to 50% of the original enzyme activity. We did not note any significant loss of enzyme activity after lyophilization or prolonged storage (several weeks) at 5 C of sterile L-asparaginase solutions with high specific activity (493 IU per mg of protein). No significant differences were noted in the antitumor activities of highly purified and partially purified L-asparaginase. 
